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Introduction

The greatest abundance of American plaice in the Northwest Atlantic occurs on the Grand
Bank off Newfoundland, NAFO Piv. 3LNQ. The fishery, which has yielded an average 40,000 t
during the last 2 years, occurs mainly on the northern part of the Bank (Div. 3L) in depths of
75 to 185 m, along the eastern edge (Div. 3N) in depths of 70-275 m, and tc a lesser extent on
the southwestern part of the Bank (Div. 32) in depths of 70-185 m (Pity, 1975; Walsh, 1982}

(Fig. 1).

Walsh (1982) proposed that both juvenile and adult plaice, in catches from spring
groundfish surveys, vere concentrated in the same areas of the Grand Bank. Since 1985
directed juvenile flatfish surveys on the shallow plateau of the Grand Banks inside of the
91 m (50 fath.) depth contour have identified a proposed nursery area for the southern Grand
Bank population on the "Tail" of the Bank, NAFO Div. 3N -(VWalsh and Brodie, 1988; Walsh, 1989,
1990). In 1989 and 1990 the juvenile flatfish survey was extended into the slope waters of
the Bank, to a depth of 183 m (100 fath.), to investigate the range of distribution of
juvenile plaice in the southern area and to look for other possible nursery areas not sampled.

This paper will report on the findings of the 1990 survey and contrast distribution of
juveniles with distribution of catches from surveys in 1985-89.

Materials and Methods

Survey design

Annual juvenile flatfish surveys of the Grand Bank were started in 1985. The main
purpose of the survey was to determine year-clear strength of juvenile American plaice and
yellovtail flounder as early as possible for the management of the resource. From 1985 to
1988, the survey area incorporated the entire Grand Bank inside the 91-m isobath, NAFO
Div. 3L, 3N, and 3@ (Fig. 1); and in 1989 and 1990 it was expanded out to the 183-m isobath to
investigate distribution of juvenile plaice in deep water. The stratified-random trawl survey
for juveniles congsisted of 37 strata on the Grand Bank designated by 1° X 1° squares (Fig. 1).
This stratification scheme has also been in place for annual spring Canadian groundfish
surveys of the Grand Bank since 1971. The number of fishing hauls was proportioned according
to the area of each stratum, and stations were randomly derived prior to each cruise. Since
data on gear efficiency was not available, only relative abundance estimates were derived
using a swept area model.

Survey gear and time

The survey gear used vwas a two-bridle Yankee 41 (80/104) shrimp trawl with a mesh size of
38 mm throughout and equipped with a 12-mm stretched mesh liner in the codend. The grcﬁndgear
was rigged with 30-cm rubber rollers in the bosum, 30-em rubber bunts in the quarters, and
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speed log, was 2.0 knets with each haul Eeing 30-minutes duration (on-bottom time), covering
an average distance of 1.25 miles as calculated from Loran C navigation. At each fishing
station, a surface-to-bottom temperature profile was taken with an XBT (Expendable
Bathythermograph) from 1985 to 1988 and a trawl mounted CTD system in 1989 and 1990 and bottom
depth was recorded from sounder records. The surveys were carried out during the last week in
August and the first 2 weeks in September 1985, 1986, 1988, 1989, and 1990 and November 1-13
in 1987 aboard the R.V. WILFRED TEMPLEMAN, a 30-m stern trawler. Five hundred seventy-three
(573) successful fishing hauls were made during the combined period of 1985-89. In the 1990
survey 198 successful sets vere completed in Div; 3LNO out to the 183 m depth contour.
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All of the catch was gorted by specles and weighed. All plaice were measured to the
nearest centimeter (total length). Otoliths were removed for ageing. Fish were classified as
juveniles based on the age they began to mature and for this specieg this was approximately
age 5. All analyses of the data were done on a l-cm size category using SAS software (SAS
Institute Inc. 1985).

Standard number per haul of different age groups - {.e., juveniles and aults - wvere
contoured to represent spatial distribution. These data points describe a three-dimensional
surface with latitude, longitude, and density; and the surface formed is defined by Delaunay
triangles. The algorithm used to define these triangles is taken from Watson (1982). This
shading contour program can be used to plot irregular-spaced data (G. 4. P. Black 1988,
Department of Fisherles and Oceans, Nova Scotia; pers. comm.).

Results

Table 1 shows average catch (numbers and veights) of American plaice catches in the
1985-20 juvenile surveys. Highest average catches in numbers vere consistently found in
stratum 360 in Div. 3N and stratum 353 in Div. 3@ at the "Tail of the Bank". With the
expansion in 1989 and 199C to the slope vaters of the Bank (93-183 m) other strata have shown
high average numbers-per-tow, in particular strata 364, 370, and 385 on the northern glope of

Div. 3L; stratum 359 on the southern slope of Div. 3N; and stratum 339 (Whale Deep) in

Div. 38. With only the 1989 and 1990 have extended coverage surveys, the juvenile surveys
were able to give two point estimates for comparison of the 1989 and 1990 abundance and
biomass in each division. Division 3L abundance and biomass were comparable during both
years; vhile although the biomass was up in Div. 3N there was a decrease in abundance; and a
small decrease in abundance and biomass was seen in Div. 3@.

Tables 2-4 show the age by age composition of the 1989 and 1990 surveys. The 1985 and
1986 year-classes in Div. 3L, Div. 3N, and Div, 32 appeared relatively strong in the
comparison between both years. It is worth noting that in the 1990 survey of Div. 3N the
numbers of plaice age 7-15 years showed an increase instead of a decrease as one would expect
and hence the total population size of 7+ plaice is twice as high as in 1989. A check of the
population sizes of various strata revealed that 56% of plaice age 7+ were found in strata 373
and 362 in the northern region of Div. 3N in 1990, up from 43% in 1989 and it may be possible
that catches in this area inflated the estimates of ages 7-15 years. However, Table 5 shows
the population structure of plaice caught in stratum 360 on the "Tail" of the Bank and it is
evident that the above trend Is not repeated here. During past assessments this stratum had
been selected teo monitor changes in abundance on the "Tail of the Bank". In the 1990 survey
the 1986 year-class at age 4 is the second largest in the time series only to the 1985
year-class at age 4 in the 1989 survey. The 1985 year-class at age 5 is the largest recorded
in the time series in the 1990 survey. Both of these year-classes have continuously shown to
be strong since they first appeared at age 1 (Fig. 2). The 1987 year-class, which in 1989 had
the largest population size at age 2 in the time series, may have some promise, but at age 3
in the 1990 survey it is not as large at the same age as the strong 1985 and 1986 year-classes
which appeared in the 1988 and 1989 surveys.

Tables 6 and 7 contain information on age by age densities using average catch-per-tow of
plaice in selected areas of the Grand Bank in the 1989 and 1990 surveys which have the
extended coverage. Walsh (1990) proposed three areas of concentration of juveniles on the
Grand Bank based on data from the 1989 surveys. These areas vere the northern slope of
Div. 3L, the "Tail of the Bank" in Div. 3N and Whale Deep in Div. 3@. Average catch-per-tow
of age 1 plaice in the 1989 and 1990 surveys were extremely lov in the selected strata on the
northeast slope of Div. 3L (Table 6) vhen compared to catches in Whale Deep and the "Tail of
the Bank" (Table 7). The catches of age 2 vere slightly lower in comparison, hovever, catches
of juveniles age 3, 4, and 5 years were comparable. The difference between catches of age 1
wvere not related to avallabjlity but probably vulnerability. Table 8 shows the mean size at
age of juveniles 1-5 years from each division. Mean size of age 1 in Div. 3L are 5 cm
while in Div. 3N age 1 are 7 cm and in Div. 39, age 1 are 7 cm. The smaller sizes at age 1 in
Div. 3L mean that these fish are probably less vulnerable to capture because of gear
selectivity, and this is likely to be the reason for the lover population sizes at these ages
in piv. 3L.

Tables % and 10 contain age by age composition for the selected strata of the northern
slope of Div. 3L, the "Tail of the Bank", and Whale Deep for 1989 and 1990 surveys. The 1985
and 1986 yea) clasnwn wppear domlnant 1o hoth years, In hoth sveys ol Div. M., BL-Y4% of
total abundance of juveniles 1-5 years are located in these strata along with large
concentrations of older plaice (Table 9) (Fig. 3-6). In Div. 30 vhere stratum 339 (Whale
Deep) and stratum 353 have large concentrations of juveniles, the percentages of the total
ahundance at age for Div. 30 ranged from 27% to 50% in both surveys. Similar to Div. 3L the
adults were also concentrated in these areas (Table 10). Although both strata contain high
catches of juveniles, in particular age 1 and 2 year olds, other strata on the western slope,
i.e, strata 331, 332, 338, 337, and 354 and stratum 329 in the 1989 survey (not sampled in
1990) contain smaller amounts (Fig. 3-6). In Div. 3N strata 359 and 360 were examined for
distribution of juveniles in the catches in both years. Seventy-four to ninety-five percent
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of the total abundance of juveniles in Div. 3N vere found in these tvo strata, mixed with
the adult population (Table 10) (Fig. 3-6).

Discussion

The available information shows that there are three possible areas of concentrations of
juvenile American plaice: northern slope of Div. 3L, "Tail of the Bank" in Div. 3N, and ¥hale
Deep in Div. 3@. Low densitles of 1 and 2 year old plaice in the northern slope of Div. 3L
are attributed to size-dependent selectivity of the survey trawl. In Div. 3L juveniles in the
first 3 years of life inhabit average depths of 130-140 m and average temperature of -1.2°C;
similarly in Whale Deep area the average depths range from 105 to 110 m and slightly wvarmer
temperatures of -0.2° to -0.4°C (Table 11). 1In contragt juvenlles on the "Tail of the Bank"
have shallower distribution from an average depth of 70-72 m and much varmer waters with an
average temperature of 2.3°C.

The 1985 and 1986 year-classes, which vere seen to be strong in stratum 360 of Div, 3N
throughout the entire time series of the survey, appear to be strong in the Whale Deep and the
northern slope of Div. 3L, indicating that there is synchrony in recruiting of Grand Bank
American plaice in the different areas. These 2 year-classes are alse reported strong in the
1991 yellowtail flounder assessment {this meeting).
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Table 1. Average numbers and weights of American plaice caught during
juvenile surveys 1985-90.

Div. Stratum  Category  1985% 19862  1987%  1988® 1989 1990
39 330 No. of sets - - - 2 7 7
Av. no./set - - - 24,48  355.06 244.86
Av, wt./set - - - 40.47 80.35 186.71
3 331 No. of sets - - - 2 2 2
. Av. no./set - - - 6.99  305.00 749.00
“Av. vt./set - - - 2.50 113.75 123.06
3g 338 No. of sets - 3 - 6 6 4
Av. mno./set 33.00 - 89.60  289.00 99.25

Av. wt./set 15.50 - 14.49 36.87 17.87



Table 1. (Cont’d.).
Div. Stratum  Category  1985% 1986®  1987®  1988® 1989 1950
g 340 No. of sets - - - 3 6 7
Av. no./set - - - 19.79 60,17 38.14
Av. wt./set - - - 6.09 36.87 19.16
3L 350  No. of sets 5 6 - 5 8 4
Av. no./set " 43.60 106.67 - 273.99 71.63 27.50
Av. wt./set 39.80 93.92 - 69.25 51.44 33.30
g 351 . No. of sets 3 9 - 7 8 9
Av. no./set 66.00 81.33 - 48,11 334.25 390.99
Av, wt./set  33.00 36.28 - 39.47 54.54  70.23
3@ 352 No. of sets - 13 - 11 14 16 .
Av. no./set - 88.62 - 120.09 150.14 106.46
Av. wt./set - 37.30 - 28.22 39.06 ° 35.94
3 353 No. of sets - 5 - 4 3 4
Av. no./set - 7194.00 - 700.71 770.33 1306.00
_Av. wt./set - 51.33 - 145.90 108.07 113.06
3N 360 No. of sets 3 14 19 20 19 21
Av. no./set 189.67 1823.93 1043.14 1271.32 3015.54 1427.8%1
Av. wt./set 29.00 86.67 47.28 83.37 165.56 113.05
3N 361 No. of sets 6 8 8 6 9 10
Av. no./set 31.50 29.88 59.08 64.12 53.78 71.36
Av. wt./set 24.17 19.69 41.80 24,90 188.50 38.18
3N 3162 No. of sets 9 7 2 6 8 9
Av. no./set 63.78 62.57 201.84 135.76 - 177.50 162.14
Av. wt./set 37.72 34.71 84,19 45,55 318.44 90.19
3L 363 No. of sets 5 5 - 6 7 4
Av. no./set 161.00 119.40 - 53.79 315.43 549.50
Av. wt./set 56.30 42.61 - 27.65 88.70 77.86
3L 371 No. of sets 4 - - 5 4 3’
Av. no./set 252.00 - - 74,34 67.00 96.67
Av. wt./set 102.13 - - 41.45 33.50  40.97
3L ‘372 No. of sets 9 8 - 8 8 4
Av. no./set 98.28 108.50 - 97.80 97.88 73,00
Av, wi./set 72.09 90.38 - 55.02 38.43 45.23
N 373 No. of sets 10 7 - B B 9
Av. no./set 399.80 182.93 - 51.59 95.25 198.00
Av. wt./set 313.34 139.68 - 35.93 54.13 123.16
3N 374 No. of sets 4 4 - 4 3 4
Av. no./set 147.25 408.50 - 166.12 173.33 93.25
Av. wt./set 62.63 218.25 - 53.98 37.00 36.31
3N 375 No. of sets 7 5 7 9 8 11
Av. no./set 57.71 24.38 48.96 23.54 21.63 50.50
Av. wt./set 67.43 31.98 69.54 17.45 17.06 50.58
N 376 No. of sets P 4 10 12 9 11
Av, no./set 60.00 221.75 347.63 674.98 71.89 110.36
Av, vwt./set 45.50 284.31 18.75 52.81 18.89 23.01
N 383 No. of sets 4 - - 4 3 3
© Av. no./set 236.00 - - 106.42  268.33 1396.33
Av. vt./set 75,63 - - 42.59 52.50 65.49
L 386 Mo. of sets & - - 5 4 2
Av. no./set 2B2.25 - - 191.45 372.25 246.50
Av. wt./set 105.45 - - 88.33 72.41 105.15
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Table 1. (Cont’d.).
Div. Stratum  Category  1985% 1986® 1987 © 1988 1989 1990
iL 328 No. of sets - - - - 3 -
Av. no./set - - - - 159.85 - -
Av. wt./set - - - - 15.00 -
39 329 No, of sets - - - - 4 _
Av. no./set - - - - 803.63 -
Av. wt./set - - - - 132.21 -
ig 332 No. of sets - - - - 4 2
Av. no./set - - - - 592.25 515.00
Av. wt./set - - - - B80.53  42.67
g 337 No. of sets - - - - 2 3
Av. no./set - - - - 357.00 501.33
Av. wt./set - - - - 45,38 37.58
39 339 No. of sets - - - - 2 3
Av. no./set - - - - 2960.50 2666.33
Av. wt./set - - - - 449.60 253.35
3L 341 No. of sets - - - - 4 5
Av. no./set - - - - 1194.50 202.80
Av. wt./set - - - - 220.88  41.20
L 342 No. of sets - - - - 2 -
Av. no./set - - - - 223.00 -
Av. wt./set - - - - 51.25 -
3L 343 No. of sets - - - - 2 -
Av. no./set - - - - 59.00 -
Av. vwt./set - - - - 7.50 -
3L 348 No. of .sets - - - - 7 4
Av. no./set - - - - 1562.50 773.9%0
Av. wt./set - - - - 146.84 104.21
3L 349 No. of sets - - - - 5 7
Av. no./set - - - - 1341.40 492.57
Av. wt./set - - - - 199.62  93.57
k] 354 No. of sets - - - - 2 3
Av. no./set - - - - 472.50 692.00
Av. wt./set - - - - 80.53 82.46
N 359 No. of sets - - - - 2 3
Av. no./set - - - - 2395.50 898,18
Av. wt./set - - - - 99.535 51.08
L 364 No. of sets - - - - 11 5
Av. no./set - - - - 1406.53 2361,60
Av. vwt./set - - - - 113.02 292,07
3L 365 No. of sets - - - - 4 3
Av. no./set - - - - 1854.75 912.67
Av. wt./set -~ - - - 85.08 B9.76
L 370 No. of sets - - - - 6 3
Av. no./set - - - - 1703.83 1119.33
Av. wt./set - - - - 87.53 145.37
3N 382 No. of sets - - - - 2 3
Av. no./set - - - - 48.00 584,00
Av. wt./set - - - - 5.25 46,51
3L i85 No. of sets - - - - S 4
Av. no./set - - - - 1085.80 2084,00
Av. wt./set - - - - 69.33 87.62



Table 1. (Cont’d.).

¥

Div. Stratum Category

1985%  1986°

19872

19882

1989 1990

3L 330 No. of sets
Av. no./set
Av. wt./set

3L Biomass (000 t)
3N Biomass (000 t)
39 Biomass {00C t)
Total Biomass

3L Abundance (107%)
3N Abundance (10_6)
3@ Abundance (107°)

Total Abundance (10°%)

4 3
- 284,00 234.33
50.91  41.27
253.7  248.9
99.7 126.6
147.2  127.0
500.7 502.6

2230.6 2015.4
1221.9  706.3
B55.7  693.5
4308.2 3415.,2

a
Incomplete survey.

Table 2. Division 3L abundance at age (Nos. X 10°%) of plaice in the 1989

and 1990 surveys.

Age 1989 1990
1 4.1 2.2
2 84.0 28.6
3 456.9 171.4
4 486.7 476.3
5 199.7 474.9
6 223.5 198.1
7 220.2 194.3
8 238.9 180.8
g 196.,2 142.1
10 70.1 77.8
11 30.2 41.9
12 13.8 19.1
13 4.1 5.7
14 1.4 1.4
15 0.5 0.6
Unknown 0.1 0.2
Total
I+ 2,230.6 2,015.4
3+ 1,198.7 1,171.0
7+ 775.4 301.1
1to5 1,231.5 1,153.3
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Table 3. Division 3N abundance at age (Nos.

and 1990 surveys.

X 10°%) of platce in the 1989

Age 1989 1990
1 52.5 35.2
2 254.1 78.5
3 405.6 129.5
4 332.5 192.0
5 94.5 143.8
6 35.4 39.0
7 13.4 20.0
- B 9.7 13.9
9 5.8 14.0
10 6.7 12.0
11 5.6 9.9
12 2.9 7.3
13 2.1 5.0
14 0.8 3.9
15 0.2 1.5
16 0 0.6
Unknown 0.1
Total
1+ 1,221.9 706.3
5+ 177.1 271.0
T+ 47.2 88.1
1 to5 ‘ ’ 1,139.1 57%.0

Table 4. Division 3@ abundance at age .(Nos.

1990 surveys.

Age 1989 1990
1 83.7 41.2
2 110.5 138.3
3 200.7 80.5
4 141.3 159.9
5 72.7 107.8
6 57.2 44,5
7 57.7 32.5
8 36.5 24.0
9 34.2 17.1
10 22.3 15.7
11 18.8 12.8
12 10.0 9.4
13 3.9 5.5
14 3.3 2.6
15 1.8 1.1
16 0.7 0.5
17 0.2
Unknown
Total
1+ 855.6 693,5
S5+ 319.4 273.5
CTs 189.4 121.2
1 to 5 608.9 527.8




Table 5. Abundance at age (Nos. x 10_6) for Stratum 360 from surveys in
1985-90., . . ‘ T R

Age 19352 1986 1987 1988 1989 1990
1 12.1 165.4 95.2 10.1 48.9 29.1
2 20,7 144.9 144.1 100.5 212.8 58.5
3 8.6 127.1 58.1 172.3 327.7 93.2
4 3.1 53.4 21.8 73.9 275.9 137.1
5 4.1 19.9 4.7 26.6 77.3 97.4
6 3.1 5.2 3.5 8.3 24.6 23,6
7 2.0 11.6 1.5 4.8 5.2 7.9
8 1.0 6.7 0.7 3.5 2.3 3.5
9 1.5 1.8 0.4 1.3 0.9 1.4
10 1.5 1.1 0.2 0.6 0.8 0.7
11 0.7 0.7 0.2 0.6 0.6 0.4
12 0.7 0.6 0.2 0.4 0.5 0.2
13 0.4 0.5 0.2 0.4 0.4 0.2
14 0.2 0.3 0.2 0.2 0.2 0.2
15 0.2 :
16
17
Total
1+ 59.8 557.7 331.7 403.5 978.3 453.6
54 15.2 66.6 11.8 46.7 112.8 135.5
7+ 8.0 21.5 . 3.6 11.8 10.9 14.5
1to5 ° 4B.6 510.7 323.9 383.4 942.6 415.3

3boor coverage in 1985 (three sets in the northern section only).



Mean catch-per-tow at age from plaice catches in the deepwater strata {93-183) on the north and

Table 6.

le surveys of 1989 and 1990.

ion 3L in juveni

ivis

northeast slope of D

Stratum 385

Stratum 370

1989

Stratum 365

1989

Stratum 364

1989

Stratum 349

1989

Stratum 348

1989

193%0

1989

1990

1990

1990

1990

1990

Age

=]
oo~

562.9
565.7

154.2 530.9 52.5
564.9 485.9 192.6

363.8

5.5
28.4

30.1 137.8

113.8

238.9

3

206.5

.9
134.4

121.9

180.9

281.5

4

156.4 86.6 68.8 658.1 196.0  252.2 154.7 237.5 93.6
144.8 56.3 110.7

186.7

95.1 153.9

120.5

133.8

191.9

142.6

103.6
49

236.4

106.4

228.6
228.9
201.8

6
7
3
9
10
11

107.8

69.2
51

140.8

65.8
52

121.6

221.1
206.7

.6

98
113.9

199.8 86.8
111.8
92

297.9

124.8
114.4

66.6

141.0
104 .4

.8

74.3

37.7

. 47.1 50.7 41

82.1 218.5 86.7 +3 161.2

107.4

DAl I )
M NO
—

19.4
6.9
3.1
0.8

5.1
1.1

47.2
18.2

22.1
9.2
2.9
1.0

24.6
5.8
4.2
0.7

3.9
7.9
1.7
0.1

96.8
51.3
22.3
4.9
0.8

29.9
8.9
2.9
0.2

32.2
11.4
3.1
0.4

40.7
9.7
5.3
1.7

28.9
9.8
3.9
0.0
0.0

1.0

7.7
3.2
0.3

25.7

0.2

0.3

0.0

0.1

0.0

0.2

0.0

14

1854.7

1705.6 1116,7 1085.8 2041.9

917.6

773.9  1341.5 492.63 1406.7  2404.2

1554.8
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Table 7. Mean catch-per-tow at age for plaice catches on the "Tail" of the
Bank (Strata 353 and 360) and Whale Deep (Stratum 339) in the 1989 and 1990
juvenile surveys.

Stratum 339 Stratum 353 Stratum 360 Stratum 359
Div. 3@ Div. 3@ Div, 3N - Div. 3N
Age 1989 1990 1989 1990 1989 1990 1989 1990
1 598.6 108.8 29.1 83.7 154.0 91.3 14.2 18.5
2 402.1 681.3 37.8 195.3 668.9 184.1 432.2  85.3
3 547.4 a76.4  190.1 118.2 1030.6 293.1 1055.5 203.5
4 254.8 654.3 . 209.2 278.0 867.6 431.2 659.8  305.2
5 196.1 352.7 108.8 215.9 242.9 306.3 131.2 186.6
6 200.4 166.5 71.5 76.6 77.5 74.2 42.7 26.9
7 228.9 123.2 61.2 48.9 16.2 24.8 10.1 7.7
8 173.7 82.2 25.1 '24.8 7.2 11.1 2.3 2.8
9 167.7 43.3 16.9 12.9 2.9 4.3 0.5 0.9
10 100.9 26.6 5.9 8.4 2.4 2.3 0.2 0.4
11 58.3 12.8 2.6 5.1 1.9 1:3 0.3 0.1
12 18.2 8.1 2.6 1.3 "1.6 0.7 0.0 0.0
13 4.8 0.0 2.4 2.9 1.1 0.5 0.0 0.0
14 8.8 0.0 3.2 1.4 0.5 0.6 0.0 0.0
15 1.4 0.0 3.3 0.5 0.1 0.2 0.0 0.0
16 - , 0.9 0.0 0.0 0.0
Total 2961.8 2636.2 770.67 1073.95 3076.01 1426.1 2348.9 897.95
\ .
. Table B. Comparison of mean length-at-age of juvenile plaice
“ages 1-5 years in the 1990 juvenile survey.
\
‘ |
Age Division 3L Division 3N Division 3@
(years) N % S.D. N b $.D. N . X 5.D.
1 19 5.2632 0.6334 86 7.1047 1.3869 97 7.1753 1.7501
2 35 7.5429 1.0387 98 11.96%4 2.2312 120 10.7167 3.0103
3 68 10.2794 3.05539 120  15.5583 3.5499 58 15.6034 4.1122
4 103 13.7670 3.5816 171 19.4737 3.9278 123 19.6016 3,9665
5

136 18.5441 4.2214 218 25.6009 4.3828 121 23.9835 3.9157




11

£°80¥°6T0°C L GFPS'0EZ’C 6°T¥0'T T E€T6'TLZ 67 €89'59T ¥ 60E'6EC B PES'TOT L 8TT'SOZ T°968°61L T-9p0Z°TZP L°00L°'0TT P EFF'T0E  COV'PLT 97 L9'0GE Te3ol
& 9829 v ¥0SE €70 00° 0 0070 0o* 0 000 Lo Tt 67 %2 404 01°2t - - - eT
T 6°TTF'T €T 6°0SE°T 00 LY 6°GE gL 0'0 9°91 (314 LT 1°Z€ - - 1764 PT
£f 87 E0L'S ¥T 9°090°% F°0 6087 9957 LULET OF L 00 £°8LY T 7'69 6°LE 8 0LE - 6612 €T
£9 G ETT'6T 0f ETETIB'ET 9z 6 0LL £ 6TL T 60% ¥8°E9F 879871 £°GLY'9 S 198 ¥ 969 9°BET'T  £'6LE 1" 6ZL Zt
85 67 BV6 TP ¢ Z-01Z'0¢€ % LoveL'1 6°0¥S°'T  9'%¥8Z'T 1T 8E9 0" ¥88 LTTILE'ST  T°b89°C 1°09$°T 6°BLTI'ZT 8 LET'Zz  0°¥IL’T 11T
TL2799°LLL gF T ¥50°0L £°¢T 6858 F z°sT19'9  £'00T'¢E 0-61L'Z 8°PPS‘'T L 086°8Z 6°9S6’® €°%Z2'L  T'LEI'6 T°818'9 9°08BL'S (1]
18 6'LBO'TFT  £9 T 6LT'96T LLe ¥°G8Z°0T 9°8F9'FT 0°60T°L g-1zz’s 0-9%%°'S  L°08T'8F  T°TE9'LT  LTERP6T 8 EO0T'6P P I6V'BT BTEOZ’'¥Z 6
LB L'GO8°08T GL E°'GLE'BEZ 9°99 TTOER'ZT 6 PBLS6T T TIP’L Fr122'8 8°8SF'IT L°(L8°T9  T'GTT'®PE  6°9TT’ST L FPP6°99 B TLL'GZ (°89¥’'St g
06 9 L¥E'PET 9L B TVZ'OTT 8°L07 8°B8EE' LT T T9L'6T 9°¥EZ'6 6°€SF'ET  TTLLL’ST 9°66T'99  9°££6°62Z  €£°r0S5'6T $°9T6°Fy 8°ZET'®e € 009°'TIS ¢
06 €°2L0°86T T8 £ T15'€ZT 6" EST STE0B'EZ  £7€0679T Z'PES'ST  6°Q08°PT  LT9ET'TT OTELL'OL  TITSTS'9E 6°HSH'ZT 89TS'zf T'SLE'ETT SUEIS'TS 9
16 L QEB’VLY P8 S LBL'E6T A X1 6°ZFF'€z  6°BTE'EE 9 069'TZ T9PO6'LZ G 6B9°IZ G'SHO'LET ©°6ZT'0F L 26F'ST O0°T9v'6T @°9ET'SE 0°9L0°2F ¢
Z6 T°6S2°'9LF LB §°S0L'98Y S 8VL 0°CE6'DL T'BLE'8T ZT'@9E'6L FLFTE'TT  V9LLES T°BET'69T ST6VO'LTIT £°98E'9  6EF9’0P PULPY'ST L 9TF'ES ¥
£6 L°B6E'ILT 16 §£'F06°9SH Z°6G¢ S 00F‘ve  STYO'TT 6°LB6°8L Z°908'S T°ZGL'9G 9°E8T'9F 7 e¥6'80T 67682’  0°TL6°0f S L8L'9 Yy g¥B'€S £
¥6 77209 8¢ 06 ¥T9Z0'vE 5799 TT6BT'ET  BTOFPT'T PUTISPT € 6%% LTOTE'¥T Z°60T'L 6°9T2'FT  €°g6T 1°6S8°¢  0°0F9 97 815°6 Z
L8 6°6L1T'C 18 T°260'F 867 € §7L00'Z £'9¢ L pgY L-892 S T79z1 8°2Z0v ¥oLvE g 89 PTIET 108 41 z2'v02 T
§ eouepunie g  @dUepunqge 0661 6867 0661 6861 66T 6861 DE6T 6861 066T 6861 0661 6861 aby
1§ "ATd 1 "ald G8f WNITIS 0LE mm3eIlS §9f WmM3ells ¥9¢ wmleIys 6bE WNIRI3S gbg wnzeils
0661 6861
"sfeasans

sTtusanl p66T PUE 6961 WOIF TIE UCTSTATA FO 2doTS ISGMUIICU PUR Y330U U3 WO (£GT-£6F ©3BIIS Iajemdesp Woxz { 0T X -soN) eB® je 593¥WTISe souepunqy ° 6 aTqel
-



_12-

L°G¥3°G58 B°BSE’IPT T TZO'S0T T°

£ 9Z¢'90L Fr198°TZ2'T ¥ ¥8T'OF 8°9TT'S0T 1 Z9S £GP 8 V62 8LE 6°98F '£69 876 €9T L 8LT P8 Te3I0L

T 6°8ES 0 Z°8Z 0 ] 101 0 T-8b¥ LT 9 vEL 0 171271 - - o1
S £TFLY'T €2 S L9T 0 0 6 €L 5T EY L 0" 9TT'T 9t 9 LSL'T ¥l 9°06% - G g8 ST
S 0°¥I6'f 2z T°5LL 0 0 9102 $°99T L v LLs'2 67 8 0FE'E 68T 14 - 6°€FS (A
€ L Zg0's LT°T°L60°T 0 © 6°591 g £9¢ L 0789%'S 9T 8°Z68°¢C T°90% g 61E - £'00¢ £1
£ CTTETE‘L LT 8°166°'Z 0 ] 6727 T £60 L 9°LG€'6 ST z°6T0°0T S-°8LT T 1s8¢ L720% D-TET’T zt
¥ 2°8¥8°6 TT £°99§°S [ 4 €721 £°GZ¥ 1°%65 TT € T6L°ZT 1T 6°€I8'8T S° 689 ¥ LSE 9°ZT6L 8°729°¢ 11
9 8 EFO0'ZT T 0°9¥L'S €9° 6T z 9 8 6EL 6 E9L 8T Z°F69'ST Tt 8°69T'TT L°8FT'T vovie 8°p59°1 L 9L’y o1
0T T°6Z0°F¥T LT 6°8SL°S R 9°12 PoT9E’T POLYE 9 FPUEPT'LT LE T2°C6T'BE 9°GSL T  9°90£°F 7°269'T 6 FZF'OT 6
LT L°T66'ET ST ¥ 8996 € ¥ZT S EOT §°9€6°'C SE°L6Z’T SE E"E00'PT 6 ET60G°9E B BLE'E  GULTIF‘S 9 €IT’'g G'66L°0T @
TE ETLTO'9T ¥ VUZTR'ET LTEPE 0" 0G¥ LTTig'L £799T’S PP GT60S°TE 6E T LPL'LS L°T99°9 6°3%EL’8 £°099°L T TET' vl L
vy LTLT0'6E Gt 9°G9f£’'GE z°g0z'T 9°TI6'71 $'809°ET 6°LE9'PZ LP T 8EF'PF 6F TZ9T'LS 6 ZER'OT PULVL'6  B9SE’0T 8 6SH'ZI 9
VL L PSL'EPT 88 FUL6D V6 P-O0SE‘8 L7 698°% 9 TIV'L6 Y1'2ST'LL 8% £°089°LOT LY T SEL'IL B6IV'6T 9°2ER’PT £ EE6°TT G 96T°TT
6L T 8Z0'T6T Z6 ¥ LOG'TEE 6 6S9°ET §°97S°6T E LET'LET S ZP6'SLT 6F B €96°65T TE 6 €¢GZ'TPT Z F88'LE €°L05°87 8°€89°0F g 1v8'ST &
6L L IFS'6ZT £6 B LLG GOV L7L0T'6 B EEZ'LY GS°TOZ'E6 9 6SL'LTE 6%V 8°86F'0F OF £°90L°00Z T-ZOT'9T 6°868°'GZz 8 POP’EZ 9 ThO’'FE £
6L S £ZS'8L 16 T SER'PST ST ST8'E ¥ ZPE'6T T°SPS'8S B 96L°TTZ 0% L EGZ'BEY LZ £°LZS°OTT £'L19°9Z T°9b1‘c £€°998°'2F 0°T00'67 ¢
€6 07L9T°CE 6 T TLR'ZS 8°ETS‘E 9°GE9 9°LT0°6Z 6°696°8F BF E"ZTLT'TP 6F 9°669°'CE Z-LOF'IT 6°0L6°FC brLoL’9 L 22z 1

§ @Juepunge g  Aouepunge 0661 - 6BET D661 6861 % 9JUEpUNQE § BOUEPUNG® 66T 6861 0661 6867 sby

1e3joL Tejol RE "atd NE "ATd Te3oL TE}OL BE "aTQ of "ald
Ng -aTd NE “a1d 6SEf WN3ILIIS 09t unjeiys o "ATd gf "atg €6f mWnjeins 6EE WN3IBIFS
066T 6867 066T 68671
‘shaains ertusanl Q66T DUT 6867 UT (fff Wn3ea3s)

deag eTeym pur {(0f PU® ‘gGf ‘fof wIRIIS) Nueg

8y3 3jo ,TTel, @yj uo saysjes edTerd moiz ( 0T X "soN) obe 3¢ sejewTlse eouepundy -7 eTqPel
=



-]3_

Table 11. Comparison of veighted average depth and temperature distributions
of juvenile plaice in the deepwater strata (348, 349, 364, 365, 370, and 385)
in Division 3L; Tail of the Bank {Strata 353, 359, and 360) in 3N and Whale
Deep (Stratum 339) in 3@ for 1989-50 combined.

Deepwater strata Tail of the Bank Vhale Deep
Mean Mean Mean Mean © Mean Mean
depth temp. depth temp. depth temp.
Age (m} S.D. (°C) S.D. {(m) S.D. (°C) S.D. (m} S.D. {°C) S.D.

1 129.97 25.05 -1.20 0.17 69.80 11.8 2.20 2.10 109.70 4.37 -0.38 0,27
2 141.25 21.28 -1.21 0.13  70.54 13.97 2.73- 2.23 104.73 4.83 -0.17 0.38
k] 141.74 20.00 -1.21 0.13 72.23 15.6 2.72 2.38 105.48 5.11 -0.18 0.38

49°
200 Mite Limit
. 385 2,
48°K, 348 i
370 ¢
364 -
349 E ;
470 - kY{i
1350 [ 363
3L 312
ag°L Al
81 362 373
!
_ ie Deep : 3N
4501 "~ AP Sl S _
gz | o338 353 13610 s
" ‘ '.‘ I
R 38 : Southeas!
44° JJ‘) : 376 ) Shoal
I - 17360
— T
S
43°1 e
1A
e
] 1 ] t 1 1 1 1 1 L 1 1 | 1 A
54° 530 52 - §° 50° 49° 48° 47°

Fig. I. Stratification scheme used in the 1985-90 juvenile surveys of the

Grand Bank, NAFO Div. 3LNO
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Fig. 2 Abundance at age of American plaice on the Grand Bank

from juvenile surveys in Stratum 360 fgom 1985-60.
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Fig. 3 Density.plots of standard number per tow of plaice in the
1989 juvenile survey.
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Fig. 4. Density plots of standard number per tow of plaice

in the 1989 juvenile survey.
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Fig. 5 'Density plots of standard number per tow of plaice in the

1990 juvenile survey.
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Fig. 6 Density plots of standard number per tow of plaice in the

1990 juvenile survey.
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